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(s3) Semiconductor laser array apparatus. 

@ A semiconductor laser array apparatus has a single 
substrate (1) and a plurality of semiconductor laser devices 
(4.4a) lhat are disposed with a given pitch on the substrate, 
some (4) of the semiconductor laser devices constituting laser 
devices ot a laser oscillation-operating area (5) of the 
semiconductor laser array apparatus and the other semicon- 
ductor laser devices (4a) constituting laser devices of the 
non-laser oscillation-operating areas that are positioned out- 
side of the laser oscillation-operating area (5). The oscillation 
threshold current level of at least one of the semiconductor 
laser devices (4a) of each of the non-laser oscillation-operating 
areas that is the closest to the laser oscillation-operating area is 
higher than those of the semiconductor laser devices (4) of the 
laser oscillation-operating area (5). 
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SEMICONDUCTOR LASER ARRAY APPARATUS. 



This invention relates to semiconductor laser 
array apparatuses comprising a single substrate and 
a plurality of semiconductor laser devices that are 5 
disposed with a given pitch on said substrate, some 
of the semiconductor laser devices constituting 
laser devices of a laser oscillation-operating area of 
said semiconductor laser array apparatus and the 
other semiconductor laser devices constituting laser 10 
devices of the non-laser oscillation-operating areas 
that are positioned outside of said laser oscillation- 
operating area. 

In recent years, high-output power semiconductor 
laser array apparatuses in which a plurality of 15 
semiconductor laser devices are disposed with a 
certain gap therebetween on a single substrate have 
been developed. These semiconductor laser array 
apparatuses are produced by liquid phase epitaxy by 
the use of substrates with grooves so that light 20 
beams and current can be regulated. 

Figure 4 shows a conventional synchronous 
phase -type semiconductor laser array apparatus, 
which is produced as follows: On a p-GaAs 
substrate 1 , an n-Gao.sA1o.iAs current blocking layer 25 
2, and an n-GaAs current blocking layer 3 are 
successively formed by liquid phase epitaxy. Then a 
plurality of grooves 4 are formed in a parallel manner, 
corresponding to the laser oscillation-operating area 
5, in such a way that they reach the GaAs substrate 1 30 
through the current blocking layers 2 and 3. Then, on 
the n-GaAs current blocking layer 3, a p-Gai-*Al x As 
cladding layer 6, a p-(or n-)Gat- y Al y As active layer 7, 
an n-Gai-xAUAs cladding layer 8, and an n-GaAs cap 
layer 9 are successively formed by liquid phase 35 
epitaxy. A p-side electrode 11 and n-side electrode 
12 are formed on the bottom face of the GaAs 
substrate 1 and the top surface of the n-GaAs cap 
layer 9, respectively. Current is injected into the 
active layer 7 through the grooves 4, resulting in 40 
optical waveguides within the active layer 7 that 
correspond to the grooves 4. The area including 
each of the grooves 4 constitutes an individual 
semiconductor laser device, and light beams that 
are oscillated by these laser devices are coupled 45 
therebetween, resulting in high-output power laser 
beams. However, in the laser oscillation-operating 
area 5 in which the grooves 4 are disposed, the top 
surface of the p-Gat- x Al x As cladding layer 6 is bent, 
resulting in a bend of the active layer 7 formed 50 
thereon. Thus, the semiconductor laser devices 
become unsymmetrical, which makes weak the 
optical coupling between the adjacent semiconduc- 
tor laser devices so that the semiconductor laser 
devices individually oscillate laser beams. That is, it 55 
is difficult for all of the semiconductor laser devices 
to attain uniform oscillation in the state that they are 
optically coupled therebetween. 

To overcome this problem, semiconductor laser 
array apparatuses shown in Figures 5 and 6 have 60 
been proposed. The semiconductor laser array 
apparatus of Figure 5 has a plurality of grooves 4 
with a certain pitch on the entire surface of a p-GaAs 



substrate 1 so that a uniform active layer 7 can be 
obtained. Moreover, this apparatus has an n-GaAs 
current blocking layer 26 between the p-GaAs 
substrate 1 and the n-Gao.9Alo.1As current blocking 
layer 2 at the outside of the laser oscillation-opera- 
ting area 5 so that current cannot be injected into the 
portions of the active layer 7 at the outside of the 
laser oscillation-operating area 5. The semiconduc- 
tor laser array apparatus of Figure 6 also has a 
plurality of grooves 4 with a certain pitch on the 
entire surface of the p-GaAs substrate 1. This 
apparatus has a proton-injected region 10 in both 
the n-GaAs cap layer 9 and the n-Gai.>Al x As 
cladding layer 8 at the outside of the laser 
oscillation-operating area 5 so that the injection cf 
current into the active layer 7 can be prevented. 

However, these apparatus shown in Figures 5 
and 6 have the grooves 4 in the non-laser oscillation- 
operating areas outside of the laser oscillation-oper- 
ating area 5, and accordingly there is a possibility 
that optical coupling can be attained between the 
adjacent semiconductor laser devices in the non- 
laser oscillation-operating areas. Thus, when current 
injected into the active layer 7, leaks in the lateral 
direction, the semiconductor laser devices of the 
non-laser oscillation-operating areas attain laser 
oscillation and/or attain optical coupling therebet- 
ween, resulting in a bad influence on the oscillation 
mode of the laser oscillation-operating area 5. 

In accordance with the present invention, a 
semiconductor laser array apparatus, which aims to 
overcome the above-discussed and numerous other 
disadvantages and deficiences of the prior art, 
comprises a single substrate and a plurality of 
semiconductor laser devices that are disposed with 
a given pitch on said substrate, some of the 
semiconductor laser devices constituting laser de- 
vices of a laser oscillation-operating area of said 
semiconductor laser array apparatus and the other 
semiconductor laser devices constituting laser de- 
vices of the non-laser oscillation-operating areas, 
that are positioned outside of said laser oscillation- 
operating area, and is characterised in that the 
oscillation threshold current level of at least one of 
the semiconductor laser devices of each of said 
non-laser oscillation-operating areas that is the 
closest to said laser oscillation-operating area is 
higher than those of the semiconductor laser 
devices of said laser oscillation-operating area. 

In a preferred embodiment, at least one of the 
semiconductor laser devices of each of said non- 
laser oscillation-operating areas that is the closest 
to said laser oscillation-operating area contains 
single or plural grooves that are formed in a 
discontinuous manner in the direction from one 
facet to the other. 

In a preferred embodiment, at least one of the 
semiconductor laser devices of each of said non- 
laser oscillation-operating areas that is the closest 
to said laser oscillation-operating area contains 
single or plural grooves that are constricted in given 
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portions. 

In a preferred embodiment, the reflectivity of the 
portions of the facets that correspond to said 
non-laser oscillation-operating areas is lower than 
that of the portion of one facet that corresponds to 
said laser oscillation-operating area. The portions of 
the facets with a lower reflectivity are coated by a 
single layer, whereas said portion of the facet with a 
higher reflectivity is coated by a multi-layer. 

Thus, the invention described therein makes 
possible the objective of providing a semiconductor 
laser array apparatus in which even when current 
leaks into the non-laser oscillation-operating areas, 
laser oscillation of the semiconductor laser devices 
in the non-laser oscillation-operating areas is sup- 
pressed and laser oscillation in the laser oscillation- 
operating area alone is attained, resulting in a 
stabilized synchronous-oscillation mode. 

By way of example only, specific embodiments of 
the present invention will now be described, with 
reference to the accompanying drawings, in which :- 
Figure 1 A Is a front sectional view showing a 
first embodiment of semiconductor laser array 
apparatus of this invention ; 

Figure 1B is a plan view showing the grooves 
formed on the substrate of the laser array 
apparatus shown in Figure 1A; 

Figure 2A is a front sectional view showing a 
second embodiment of semiconductor laser 
array apparatus of this invention; 

Figure 2B is a plan view showing the grooves 
formed on the substrate of the laser array 
apparatus shown in Figure 2A; 

Figure 3A is a front sectional view showing a 
third embodiment of semiconductor laser array 
apparatus of this invention; 

Figure 3B is a plan view showing the grooves 
formed on the substrate of the laser array 
apparatus shown in Figure 3A; and 

Figures 4, 5 and 6 are front sectional views 
showing conventional semiconductor laser 
array apparatuses. 
This invention provides a semiconductor laser 
array apparatus in which the oscillation threshold 
current level of the semiconductor laser devices in 
the non-laser oscillation-operating areas is set to be 
higher than that of the semiconductor laser devices 
in the laser oscillation-operating area, and accord- 
ingly even when current leaks in the'lateral direction, 
the laser devices of the non-laser oscillation-opera- 
ting areas oscillate no laser, but only the laser 
devices of the laser oscillation-operating area oscil- 
late laser, so that a stabilized synchronous-oscilla- 
tion mode can be attained. 

Example 1 

Figure 1A shows a semiconductor laser array 
apparatus of this invention, which is produced as 
follows: On a p-GaAs substrate 1, an n-Gao.9Alo.1As 
current blocking layer (a first current blocking 
layer) 2 with a thickness of 0.7 u.m and an n-GaAs 
current blocking layer (a second current blocking 
layer) 3 with a thickness of 0.1 u.m are successively 
formed by liquid phase epitaxy. Then, a plurality of 



grooves 4 and 4a with a width of 4u.m each, a depth 
of 1 .0 urn each, and a pitch of 5 p.m each are formed 
on the entire surface of the second current blocking 
layer 3 by photolithography and an etching tech- 
5 nique in such a way that they reach the p-GaAs 
substrate 1 through both the n-GaAs current 
blocking layer 3 and the n-GaooAlo.iAs current 
blocking layer 2. As shown in Figure 1B, the 
grooves 4 that are positioned corresponding to the 
0 laser oscillation-operating area 5 are formed into a 
striped shape from one facet to the other, whereas 
the grooves 4a that are positioned in the non-laser 
oscillation-operating areas at the outside of the laser 
oscillation-operating area 5 are formed in a discon- 
f5 tinuous manner in the direction from one facet to the 
other. At least the closest groove 4a to the laser 
oscillation-operating area 5 is formed in such a 
discontinuous manner. In this example, two grooves 
4a that are outside of the laser oscillation-operating 
20 area 5 are formed in a discontinuous manner in the 
direction from one facet to the other. The length 2\ 
of each piece of the groove 4a is, for example. 20 y.m 
and the distance 2z between the adjacent pieces of 
the groove 4a is, for example, 10 urn. 
25 Then, as shown in Figure 1A, on the second 
current blocking layer 3 including the grooves 4 and 
4a, a p-Gai-xAl x As cladding layer 6 having a thick- 
ness of 0.2 jim in the area other than the grooves 4 
and 4a, a p-(or n-)Ga t - y At y As active layer 7 with a 
30 thickness of 0.08 (im. an n-Gai. x Al x As cladding 
layer 8 with a thickness of 1.0 |im, and an n-GaAs 
cap layer 9 with a thickness of 1.5 jim are 
successively formed. Then, protons are injected into 
both the GaAs cap layer 9 and the p-Gai.*Al x As 
35 cladding layer 8 at the outside of the laser 
oscillation-operating area 5 by an ion-injecting 
technique in such a manner that the protons reach 
the cladding layer 8 through the cap layer 9, resulting 
in a high resistance layer 10. Then, a p-side electrode 
40 11 and an n-side electrode 12 are formed on the 
bottom face of the p-GaAs substrate 1 and the top 
surface of the n-GaAs cap layer 9, respectively, 
resulting in a semiconductor laser array apparatus- 
Even when current injected into this laser array 
45 apparatus leaks into the areas other than the laser 
oscillation-operating area 5. because of the discon- 
tinuous grooves 4a positioned outside of the laser 
oscillation-operating area 5, the amount of light that 
is to be absorbed toward the substrate 1 at the 
50 boundaries among the pieces of the grooves 4a 
increases, resulting in an increase in optical internal 
losses, which causes difficulties in laser oscillation 
of the semiconductor laser devices containing the 
said grooves 4a. As a result, laser oscillation is 
55 attained only in the laser oscillation-operating area 5, 
and optical coupling is not achieved between the 
waveguide of the laser oscillation-operating area and 
the adjacent waveguide of the non-laser oscillation- 
operating area outside of the said laser oscillation- 
60 operating area 5. Thus, a stabilized synchronous 
oscillation can be attained. * 

Example 2 

65 Figure 2A shows another semiconductor laser 
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array apparatus of this invention, which is produced 
as follows: In the same way as described in Example 
1, on a p-GaAs substrate 1, an n-Gao.9Ab.1As current 
blocking layer (a first current blocking layer) 2 and an 
n-GaAs current blocking layer (a second current 5 
blocking layer) 3 are successively formed by liquid 
phase epitaxy. Then, a plurality of grooves 24 and 
24a are formed on the second current blocking 
layer 3 in such a way that they reach the substrate 1 
through the current blocking layers 3 and 2. As w 
shown in Figure 2B. the grooves 24 that are 
positioned corresponding to the laser oscillation- 
operating area 5 are formed into a striped shape 
from one facet to the other, whereas the grooves 
24a that are positioned in the non-laser oscillation- 15 
operating areas outside of the laser oscillation-oper- 
ating area 5 are formed so that they are constricted 
in given portions. At least the closest groove 24a to 
the laser oscillation-operating area 5 is formed in a 
constricted manner. In this example, two grooves 20 
24a that are outside of the laser oscillation-operating 
area 5 are formed in a constricted manner, for 
example, the width of the constricted portions of 
each groove 24a is 2 u.m and the width of the other 
portions thereof is 4 ym. The depth of the con- 25 
stricted portions thereof is the same as or shallower 
than that of the other portions thereof. These 
grooves are not disposed over the entire surface of 
the substrate 1 , but the grooves 24 and 24a that are 
positioned outside of the laser oscillation-operating 30 
area 5 are disposed over the area with the same 
width as that of the laser oscillation-operating area 5. 
Accordingly, there are no grooves 24 and 24a in the 
areas in the vicinity of both sides of the substrate 1. 
The portions of the active layer 7 that are formed 35 
above the grooves 24 in the outer sides are bent, but 
this phenomenon has no influence on the formation 
of the portion of the active layer of the laser 
oscillation-operating area 5. Therefore, the portion of 
the active layer 7 that corresponds to the laser 40 
oscillation-operating area 5 can be uniformly formed. 

Thereafter, as shown in Figure 2A, on the 
Gai. y Al y As active layer 7, an n-Gai-xAt*As cladding 
layer 8 and an n-GaAs cap layer 9 are successively 
formed in the same way as described in Example 1. 45 
Then, the portions of the n-GaAs cap layer 9 and the 
n-Gai. x AUAs cladding layer 8 that correspond to the 
non-laser oscillation-operating areas are removed 
by a chemical etching technique in a manner to 
reach the cladding layer 8 through the cap layer 9. so 
Then, a Si3N 4 film 25 is formed on the exposed 
surfaces of the cap layer 9 and the cladding layer 8, 
after which a p- side electrode 11 and an n-side 
electrode 12 are formed on the bottom face of the 
p-GaAs substrate 1 and the top surface of the 55 
n-GaAs cap layer 9, respectively, resulting in a 
semiconductor laser array apparatus. 

Even when current injected into this laser array 
apparatus leaks into the non-laser oscillation-opera- 
ting areas, because of the constricted portions of 60 
the grooves 24a positioned outside of the laser 
oscillation-operating area 5, the amount of light that 
is to be absorbed at the shoulder portions of the 
constricted grooves 24a increases and optical 
internal losses are increased, thereby attaining the 65 



same effect as that of Example 1. 

The method for confining current within the laser 
oscillation-operating area 5 of the active layer 7 is 
not limited to that of the above-mentioned example, 
but the inner-current confining method, the oxida- 
tion film stripe method, planar stripe method, and so 
on can be employed, which also attain the same 
effect as the above-mentioned. 

Example 3 

Figure 3A shows another semiconductor laser 
array apparatus of this invention, which is produced 
in the same way as that of Example 1 , except for the 
following: The grooves 34 by which optical wave- 
guides are formed within the active layer 7 have a 
symmetrically branching structure, as shown in 
Figure 3B, which is composed of parallel stripes with 
a width of 4 (im each and a pitch of 5 jim that are 
positioned from both facets to the middle of the 
wafer and branching portions that attain optica] 
coupling in the middle of the wafer between the 
corresponding parallel stripes. Moreover, in the 
areas at the outside of the laser oscillation-operating 
area 5, there is an n-GaAs current blocking layer 26 
between the p-GaAs substrate 1 and the 
n-Gao.9Alo.1As current blocking layer 2. which pre- 
vents current from being injected into the portions of 
the active layer 7 that are positioned above the said 
current blocking layers 26, resulting in non-laser 
oscillation-operating areas that are positioned out- 
side of the laser oscillation-operating area 5. 
Moreover, AI2O3 films 35 with an optical thickness of 
X/4 (X is a light wavelength) are formed on both 
facets by the ordinary electron beam method. Then, 
on the portion of the AI2O3 film 35 of one facet that 
corresponds to the laser oscillation-operating area 
5, an amorphous silicon film 36 with an optical 
thickness of X/4, an AI2O3 film 35 with an optical 
thickness of X/4, and an amorphous silicon film 36 
with an optical thickness of X/4 are successively 
formed by the lift-off method using resist films 
therein, followed by forming an AI2O3 film 37 with an 
optical thickness of X/2 on the amorphous silicon 
film 36, resulting in a semiconductor laser array 
apparatus with a reflectivity of 2-40/0 in one single- 
layered facet, a reflectivity of 95<Vo in the multi- 
layered portion of the other facet that corresponds 
to the laser oscillation-operating area 5, and a 
reflectivity of 2-4% in the other portions of the other 
facet that correspond to the non-laser oscillation- 
operating areas. 

Because of the above-mentioned structure, mirror 
losses of the optical waveguides in the non-laser 
oscillation-operating areas become Jarge and ac- 
cordingly even when current leaks into the said 
areas, laser oscillation never arises, resulting in the 
same effect as that of Example 1. 

In the above-mentioned examples, the semicon- 
ductor laser devices of the non-laser oscillation- 
operating areas outside of the laser oscillation-oper- 
ating area 5 are designed so that the grooves are 
discontinued or constricted in given portions or the 
reflectivity of the facets corresponding thereto are 
lowered, which makes the oscillation threshold 
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current level high. Accordingly, even when current 
leaks into the non-laser oscillation-operating areas, 
laser oscillation is attained by only the semiconduc- 
tor laser devices of the laser oscillation-operating 
area 5. However, the oscillation threshold current 
level of the semiconductor laser devices that are 
positioned outside of the laser oscillation-operating 
area 5 can be, of course, made high by other 
methods. 

Although the above-mentioned examples only 
disclose GaAs-GaAIAs semiconductor laser array 
apparatuses, this invention is applicable to semicon- 
ductor laser array apparatuses of the InGaAsP-lnP 
systems or the like. Moreover, this invention is 
applicable to semiconductor laser array apparatuses 
in which the oxidation film stripe method, the planar 
stripe method using a diffusion technique, or the like 
is used as a current-confining method. 



Claims 



5. A semiconductor laser array apparatus 
according to claim 4, wherein said portions of 
the facets with a lower reflectivity are coated by 
a single layer (35), whereas said portion of the 
5 facet with a higher reflectivity is coated by a 

multi-layer (35,36,37). 
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1. A semiconductor laser array apparatus 25 
comprising a single substrate (1) and a plurality 

of semiconductor laser devices (4,4a) that are 
disposed with a given pitch on said substrate, 
some (4) of the semiconductor laser devices 
constituting laser devices of a laser oscillation- 30 
operating area (5) of said semiconductor laser 
array apparatus and. the other semiconductor, 
laser devices (4a) constituting laser devices of 
the non-laser oscillation-operating areas that 
are positioned outside of said laser oscillation- 35 
operating area (5), characterised in that the 
oscillation threshold current level of at least one 
of the semiconductor laser devices (4a) of each 
of said non-laser oscillation-operating areas 
that is the closest to said laser oscillation-oper- 40 
ating area (5) is higher than those of the 
semiconductor laser devices (4) of said laser 
oscillation-operating area (5). 

2. A semiconductor laser array apparatus 
according to claim 1 , wherein at least one (4a) 45 
of the semiconductor laser devices of each of 

said non-laser oscillation-operating areas that 
is the closest to said laser oscillation-operating 
area (5) contains single or plural grooves that 
are formed in a discontinuous manner in the - 50 
direction from one facet to the other. 

3. A semiconductor laser array apparatus 
according to claim 1, wherein at least one (24a) 
of the semiconductor laser devices of each of 

said non-laser oscillation-operating areas that 55 
is the closest to said laser oscillation-operating 
area (5) contains single or plural grooves that 
are constricted in given portions. 

4. A semiconductor laser array apparatus 
according to claim 1 , wherein the reflectivity of 60 
the portions of the facets (35) that correspond 

to said non-laser oscillation-operating areas is 
lower than that of the portion of one facet that 
corresponds to said laser oscillation-operating 
area (5). 65 
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Fig. 2A 
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© A semiconductor laser array apparatus has a 
single substrate (1) and a plurality of semiconductor 
laser devices (4,4a) that are disposed with a given 
pitch on the substrate, some (4) of the semiconduc- 
tor laser devices constituting laser devices of a laser 
oscillation-operating area (5) of the semiconductor 
laser array apparatus and the other semiconductor 
laser devices (4a) constituting laser devices of the 
non-laser oscillation-operating areas that are posi- 
tioned outside of the laser oscillation -operating area 
(5). The oscillation threshold current level of at least 
one of the semiconductor laser devices (4a) of each 
of the non-laser oscillation-operating areas that is the 
closest to the laser oscillation-operating area is high- 
er than those of the semiconductor laser devices (4) 
of the laser oscillation-operating area (5). 
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